Agricultural production is severely affected by various abiotic stresses including drought. Development of crop plants tolerant to drought is an urgent need to increase crop productivity to feed the growing population. It is imperative to understand the adaptive mechanism of plants to drought especially the type and expression levels of drought responsive genes. Several genes upregulated during abiotic stress have been exploited to develop drought tolerant plants. Genetic engineering of crop plants with stress responsive genes has been an effective method of generating drought tolerant plants. But expressions of these stress responsive genes are regulated by several transcription factors (TFs). TFs are DNA binding proteins that bind to the specific sequence motif and modulate the levels of gene expression. They may function as an activator, or repressor for the expression of specific genes. Transgenic plants expressing drought responsive TFs have been shown to improve drought tolerance in many crop plants. In this review, we have discussed the details on TFs used for developing various transgenic plants and also analyzed the potential of TFs for further transgenic studies. The future direction to exploit TFs for sustainable crop production under drought is also highlighted.
Introduction
Plants are constantly exposed to a wide range of environmental stresses such as drought, salinity, and extreme temperature. Up to 70% decline in productivities of major crops worldwide has been attributed to abiotic stresses (Mittler 2006) . Exploding human population has made us to search for new agricultural lands in order to improve food security. Drought, salinity, climatic changes and heavy metal poisoning have made cultivation of crops difficult by affecting plant growth, minimizing seed quality and reducing crop yield (Levitt 1980; Shao et al., 2009 ). Plants respond and adapt to these abiotic stresses at both the cellular and molecular levels (Bartels and Sunkar 2005; Shinozaki et al., 2003; Yamaguchi-Shinozaki and Shinozaki 2005) . The physiological and biochemical changes associated with drought stress changes include stomatal closure (Flexas and Medrano 2002) , entering into dormancy phase (Wang et al., 2004) , repression of cell growth and photosynthesis, and activation of respiration (Shinozaki and Yamaguchi-Shinozaki 2007) . Ji et al. (2012) suggested that avoidance of turgor loss due to enhanced root growth and stomatal closure may be the main physiological mechanism for drought resistance in rice. Stress response at molecular level involves induction of stress-responsive and stress-tolerant genes (Lindemose et al., 2013) . Transcription Factors (TFs) play several important roles in plant adaptation and improvement during the domestication of wild plant. TFs regulate expression of target gene by binding to its cis-acting elements present in the promoter region (Priest et al., 2009 ). The cisacting elements are induced by physiological and environmental factors which then activate the promoter regions, which are associated with the expression of respective genes .
Drought tolerance requires expression of several genes at a time and transfer of this gene is roadblock in genetic transformation of crop plants to overcome drought. The above bottleneck can be bypassed by the transfer of stress responsive TFs which are capable of regulating several downstream genes essential for protection against drought. Thus focusing on the abiotic stress responsive TFs for genetic manipulation could be a virtuous approach to control multiple stress responsive genes. Abiotic stress activates TFs which in turn induce molecular mechanisms for cellular adjustments, including signal perception, transduction cascades, transcriptional networks and adaptive metabolic pathways (Cheng et al., 2013) . TFs such as Apetala2 (AP2), basic leucine zipper domain (bZIP), Myeloblastosis (MYB) oncogene, Myelocytomatosis (MYC) (Li et al.,2013) , dehydration-responsive element-binding proteins (DREBs), ABA-responsive element-binding proteins (AREBs), no apical meristem (NAM), Arabidopsis transcription activation factor (ATAF) and Cup-Shaped Cotyledon (CUC) have been identified in Arabidopsis and rice (Nakashima et al., 2009 ; Yamaguchi-Shinozaki and Shinozaki 2006). These TFs regulate plants' response to abiotic stresses and are thought to be important for stress tolerance. Details of transgenic works using these TFs are listed in Table 1 . Transgenic plants have been developed with enhanced stress tolerance by manipulating the expression levels of this TFs. Recently, an increasing number of plant TFs has been elucidated and understanding of these factors in controlling the drought stress response has led to practical approaches for engineering stress tolerant plants (Hussain et al., 2011) . We discuss below the details of various TFs used for transgenic works to improve drought tolerance.
NAC TFs
NAC TFs play several important functions not only in plant development, but also in abiotic stress responses (Nakashima et al., 2012) ; they are comprised of three proteins, namely, NAM, ATAF and CUC. This family of TFs is well known for its roles in plant development process. All these TFs have highly conserved DNA-binding domains and are well known for various functions during abiotic stress (You et al., 2015) . Abiotic stress alters gene expression, cellular metabolism, and also changes plant growth, development, and crop yield. NAC TFs are key machineries during the plant stress and function in complex signaling responses. NAC TFs have been identified in large number of plants. Transcription profiling and functional analyses provided some direct evidence on the possible participation of NAC TFs in abiotic stress responses. The alterations of NAC genes establish complex signaling process to regulate genes in response to plant stress. This makes them potential candidates for imparting stress tolerance. (2012) conducted a genome-wide analysis of the NAC transcription factor family in Arabidopsis, rice, lycophyte and moss. Phylogenetic analysis of conserved amino acid residues and construction of the conserved NAC domain revealed that these NAC genes could be classified into six major groups. Earlier it was reported that many NAC genes were in the SNAC group (Nuruzzaman et al., 2010) . According to Nakashima et al. (2012) SNAC genes of Arabidopsis, rice, starry spikemoss, and spreading earthmoss were divided into three subgroups: SNAC-A, SNAC-B, and SNAC-C. These analyses indicated that the six major groups, including SNAC genes were already established at least in an ancient moss lineage.
Wheat TaNAC69 binds to the promoter regions of rice chitinase, zinc-finger protein expressed in inflorescence meristem (ZIM) and glyoxalase I thus increasing the stress tolerance by overexpression of these genes (Xue et al.,2011) . In particular, expression levels of glyoxalase I family genes were corresponding to that of Arabidopsis stress-inducible NACs ANAC019, ANAC055, and ANAC072 which are known for their importance in drought tolerance In rice, OsNAC acts as a transcriptional activating element when plants are subjected to abiotic and biotic stress. OsNAC5 and OsNAC6 increased the tolerance to drought and salinity by binding to the promoter region of late embryogenesis abundant (LEA) proteins (Takasaki et al.,2010) . OsNAC1 differentially regulated genes encoding sucrose phosphate synthase (SPS), 1-phosphatidylinositol-3-phosphate 5-kinase (PI3K), type 2C protein phosphatases (PP2C3) and regulatory components of the ABA receptor (RCAR) (Saad et al.,2013) . Overexpression of rice OsNAC10 increased the root diameter by enlarging the stele, cortex and epidermis in rice (Jeong et al., 2010) and regulated root specific potassium transporter HAK5 in Arabidopsis (Armengaud et al., 2004) . Overexpression of soybean GmNAC11 promoted lateral root formation by regulating auxin signaling related genes (Hao et al., 2011) . Overexpression of rose RhNAC2 revealed higher stomatal density, expansion of rose petals and induced expression of stress related genes (Dai et al., 2012) . Like other NAC, overexpression of rose RhNAC3 regulated many stress related genes and escalated stress tolerance. Silencing of RhNAC3 impedes tolerance leading to dehydration (Jiang et al., 2014) . Over-expression of silver grass MlNAC2 significantly lowered the water loss rate and the associated recovery rate was significantly higher than the control in Arabidopsis (Ji et al., 2014) . These studies indicated that SNAC TFs have important roles in the control of abiotic stress tolerance and their overexpression can improve stress tolerance in transgenic plants. Considering all the above experimental evidences, we can conclude that these NAC TFs are one of the most promising factors that could be employed for developing drought and salinity tolerance in a wide range of agricultural crops through manipulation of their expression levels.
MYB TFs
The MYB is a member of the MYB (Myeloblastosis) proto-oncogene protein family TF and was first identified in mammalian cells as an oncogene (Klempnauer et Expression of Arabidopsis AtMYB60 in guard cells was negatively regulated during drought stress. Further the null mutation of AtMYB60 revealed constitutive reduction of stomatal opening under drougt. AtMYB60 is a transcriptional modulator of physiological responses in guard cells and opens new promises to engineer stomatal activity in plants (Cominelli et al., 2005) . Overexpression of rice OsMYB3R-2 in Arabidopsis revealed its involvement in signal transduction and regulation of stress responsive genes in C-repeat binding TF (CBF3)-dependent or independent pathways (Dai et al., 2007) . Under stress free condition, Overexpression of Arabidopsis AtMYB44 did not induce stress responsible genes, which showed the involvement of other stress induced TFs (Jung et al., 2008) . Rice MYB48-1 regulated the genes of ABA synthesis, increased endogenous ABA along with proline and LEA proteins, which improved drought tolerance by reducing water loss without affecting the phenotype of transgenic rice (Xiong et al., 2014) . Wax biosynthesis genes were also up-regulated by MYB TFs to confer tolerance against drought in Arabidopsis (Seo et al., 2011).
WRKY TFs
The WRKY TFs are a superfamily of regulators that control diverse developmental and physiological processes. This family was believed to be plant specific until the recent identification of WRKY genes in non-photosynthetic eukaryotes (Xie et al., 2005) . Proteins of this family contained one or two highly conserved WRKY domains and a zinc finger motif in the Cterminal region (Eulgem et al., 2000) . The WRKY domain bound to the W box or sugarresponsive cis-element (SURE) found in promoters of target genes (Rushton et al., 1995; Sun et al., 2003) . WRKY TFs are involved in biotic and abiotic stress responses of plants. Arabidopsis AtWRKY25 and AtWRKY33 as sole entities (in transgenic plants) gave increased tolerance to ABA, drought and salinity. However, when they were expressed together, the plants were vulnerable to salinity stress . Maize WRKY proteins were reported to be involved in growth and development, drought stress and fungal infection (Wei et al., 2012) . Overexpression of wheat TaWRKY79 gene upregulated the genes of ABA dependent pathway such as ABA deficient 1 (ABA1), ABA deficient 2 (ABA2), ABI1 and ABA-insensitive 5 (ABI5) in Arabidopsis (Qin et al., 2013) . DgWRKY3 from chrysanthemum was also upregulated by salinity and dehydration (Liu et al., 2013b) .
WRKY TFs form a highly interacting regulatory network that modulate gene expression in both plant defense and stress responses by acting as either transcription activator or repressor (Chen et al., 2010 ). LtWRKY21 present in creosote bush was able to activate the promoter of an ABA-inducible gene and HvA22 (ABA/stress-induced protein first isolated from barley) (Lam et al., 2010) . In Arabidopsis, AtWRKY6 suppressed its own promoter as well as the promoter of a closely related WRKY family member, whereas it activated the promoters of a senescenceinduced receptor-like serine/threonine-protein kinase (SIRK) along with the senescence and pathogen defense-associated pathogen related protein 1 (PR1) genes (Robatzek and Somssich 2002) . Rice WRKY proteins were reported to be involved in positive or negative regulation of the ABA signaling in barley aleurone (Xie et al., 2005; Zhang et al., 2004) . Both salicylic acid (SA) and Jasmonic acid (JA) regulated the expression of Arabidopsis AtWRKY70 and indicated the importance of WRKY in cross-talk of hormone signaling (Li et al., 2004) .
In Arabidopsis plants sensitive to salt and mannitol, the expression of salt-tolerance zinc finger protein/ zinc finger (C2H2 type) family protein (STZ/Zat10) TFs are regulated by soybean GmWRKY54 (Zhou et al.,2008 ). WRKY18 and WRKY60 were reported to inhibit seed germination and root growth by increasing plant sensitivity to salt and osmotic stress. In WRKY18 and WRKY40 mutants, ABA treatment abolished the expression of WRKY60 in Arabidopsis (Chen et al., 2010) . The AtWRKY40 and AtWRKY63 were part of the ABA-signaling network where WRKY TFs operated at multiple levels (Van Aken et al., 2013) . During seed germination and post germination growth, ABA was perceived by both pyrabactin resistance/pyrabactin resistance1-like/regulatory component of ABA receptor 1 (PYR/PYL/RCAR1) and ABA receptor (ABAR) and activated ABI5 at the transcriptional levels (Ma et al., 2009; Park et al., 2009 ). Activation of ABI5 led to transcription of AtWRKY63 gene, and mediated the activation of its downstream target genes such as RD29A, ABF2 and COR47 in Arabidopsis (Rushton et al., 2012) . Overexpression of WRKY57 improved the drought tolerance in Arabidopsis by upregulating the ABA levels through overexpression of stress responsive genes RD29A, 9-cis-epoxycarotenoid dioxygenase 3 (NCED3) and ABA3 (Jiang et al., 2012) .
Under dehydration stress, overexpression of barley HvWRKY38 TF improved the survival and biomass accumulation in bahia grass by increasing water retention, regeneration of new roots and maintaining photosynthetic efficiency (Xiong et al., 2010) . Expression of noble dendrobium DnWRKY11 enhanced salt and drought stress tolerance in seedlings of tobacco . Shen et al. (2012) noticed that rice OsWRKY30 is a substrate for mitogen-activated protein kinases (MAPKs); its phosphorylation activated the transcriptional activity of its target genes and improved drought tolerance in rice. Overexpression of maize ZmWRKY58 in transgenic rice resulted in delayed germination and inhibited post-germination development and the transgenic plants had higher survival rates when compared with wild-type plants under drought and salt stresses (Cai et al., 2014) . Transcriptome-wide identification of drought responsive wheat TaWRKY revealed differential expression of TaWRKY16, TaWRKY24, TaWRKY59, TaWRKY61 and TaWRKY82 in root and leaf tissues of drought tolerant and susceptible cultivars of wheat (Okay et al., 2014) . Based on the outcome of all the above studies it is clear that the transcriptional regulator WRKY plays an important role in regulation of stresssignaling pathway genes in plants.
Ethylene response factor (ERF) TF
APETALA 2 /ethylene response factor (AP2/ERF) is one of the largest plant TF families; these are subdivided into four subfamilies namely AP2, CBF/DREB, ERF, and is related to ABI3 and VP1 (RAV) based on their sequence similarities and numbers of AP2/ERF domains (Thirugnanasambantham et al., 2014) . ERF proteins have a sequence called ERF domain which are highly conserved and can complement affinity to the GCC box. Several studies suggested that ERF proteins also bind to DRE/CRT motif (found in promoter region of ethylene and stress responsive genes) that responds to cold or osmotic stress (Wang et al., 2004) .
Low temperature influences the expression of dehydration-responsive element-binding 1 (DREB1) genes, whereas DREB2 homologs are induced by drought and high-salt stresses (Liu et al., 1998) . Transgenic plants overexpressing DREB1A induced the expression of their target genes under non-stressed conditions which resulted in freezing and dehydration tolerance of dwarf phenotypes in Arabidopsis (Liu et al., 1998) . Soybean GmDREB2 functioned as transcriptional activator and was useful in improving plant tolerance to abiotic stress (Chen et al., 2007) . Arabidopsis AtDREB1A conferred drought and salt tolerance in peanut, which may be attributed to enhancement of proline content and superoxide dismutase (SOD) activity in soybean and chrysanthemum (Hong et al., 2006; Shiqing et al., 2005) . In addition, ERF proteins are reported to regulate the biosynthesis of metabolites, such as Jasmonate, gibberellin, ethylene, lipid and wax, to enhance the tolerance to environmental stresses .
A large number of AP2/ERF TFs have been identified and studied in various plants including Arabidopsis and rice (Nakano et al., 2006) . In genome of model plant foxtail millet, 171 AP2/ERF TFs have been found to be involved in regulation of signaling pathways related to stress and defense responses (Lata et al., 2014) . In tobacco, Jasmonate and ethylene-responsive factor 3 (JERF3) decreased accumulation of reactive oxygen species (ROS) and enhanced adaptation to drought, freezing, and salt stresses (Wu et al., 2008) . A transcriptional activator Sl-ERF.B.3 of tomato has been reported to be involved in negative regulation of salt stress dependent growth regulation in tomato (Klay et al., 2014) . The RING domain E3 ligase (RGLG2), was reported to interact with drought inducible TF of Arabidopsis (AtERF53). Expression of AtERF53 is essential during dehydration and plays a positive role in drought signaling in Arabidopsis. Under non-stressed conditions, RGLG2 interacted with AtERF53 and negatively regulated drought stress signaling (Cheng et al., 2012) .
Expression of SHINE (SHN) Clade of AP2 Domain TF altered the levels of leaf and petal epidermal cell structure, trichome number, branching as well as the stomatal index; total cuticular wax levels were also increased when compared with the wild type for significant drought tolerance and recovery (Aharoni et al., 2004) . Overexpression of chilli pepper related to ABI3/VP1 (RAV1) and oxidation resistance 1 (OXR1) in Arabidopsis increased tolerances to high salinity and osmotic stress and pepper CaOXR1 protein positively controlled CaRAV1-mediated plant defense during biotic and abiotic stresses (Lee et al., 2010).
Conclusion and future prospects
TFs are potential candidate genes for developing drought tolerant plants and regulators of various genes that help the plants to effectively sustain drought stress. Molecular tools facilitate the identification of such important genes controlling traits related to drought tolerance (Lanceras et al., 2004) . Apart from the general regulatory mechanisms, TFs are recorded to be regulated by miRNAs and vice versa. This phenomenon of TFs and miRNAs can possibly mediate drought tolerance without disturbing the phenology modifications. Clear understanding of genetic network between the miRNAs and its associated TFs could be a valuable area to identify appropriate TF regulating drought tolerance. Thus detailed studies of differential expression of miRNAs and their targets in TFs overexpressing plant model under drought stress are ultimately necessary. Different crops such as rice, wheat, soybean, and maize were engineered with this stress responsible TF to increase their tolerance to drought. The transgenic approach using drought stress associated TF could cover a wide range of genes and help the growing population to meet food demands.
